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Qi-nurturing exercises like Taijiquan and Qigong produce significant 
changes in the body's emissions of electromagnetic energy, which evidence 
the science in Qi. Reviewing Qi in its functional forms of bioenergy 
brings scientific familiarity of the abstruse concept. The complexity of Qi 
transformations in the function of food breakdown and the formation of 
vital Qi essences reflect the biochemistry of metabolism and the production 
of ATPs. 
The review leads to the basic Qi form of Zhen Qi as a representation of 
ATP and to a new interpretation of the premise of prenatal Qi, relating it to 
the transmission of mitochondrial DNA. While the basis of Qi and Chinese 
Medicine is the Taiji Philosophy of Yin and Yang, the regulation of Qi flow 
in accord with the Principle of Yin-Yang Balance translates to the discipline 
of the dynamics of bioenergy in homeostasis. The trained cognition of Qi 
allows for the manipulation of Qi energy at functional pathways to reduce 
the errors of excessive or deficient Qi levels, that leads to Qi harmony and 
homeostasis. This opens up a role for Artificial Intelligence via the cognitive 









Qi is pervasive in the Chinese culture. It is used in all 
things of “Heaven, Man, and Earth” from food, health, 
medicine, to fengshui-geomancy and cosmogony. Collo-
quially, Qi means “air, breath, or vapor,” but it takes on 
the meaning of a “refined substance” or energy in various 
forms in technical use, that connotes something funda-
mental in nature with universal applicability. More specif-
ically, it distills in essence to “vital energy” that animates 
all things—no Qi, no life. Just as the cosmic Qi moves 
galaxies in the universe, Qi energizes all physiological ac-
tivities in the microcosm of the human body. This ancient 
tenet of a universal Qi energy is a philosophical idealism 
of the theory of Yin and Yang, used quintessentially by 
Chinese thinkers as a grand overarching theory to explain 
all things from the smallest of the unseeable to the largest 
of the cosmos. 
Qi is both simple and complex—simple in usage but 
complex in theory. A quick answer to the question of Qi 
is to think of it as a bioenergy, namely, energy in the bio-
logical processes of life. This was also the pragmatic view 
taken by the ancient thinkers:
Human beings are born by the accumulation of Qi. 
When Qi accumulates there is life, when it dissipates, there 
is death. There is one Qi that connects and pervades every-
thing in the world. (Zhuangzi 22:11/84)
On a cosmic scale, the old classical texts describe Qi as 
permeating the universe from the beginnings of time. The 
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role of Qi in cosmogony was formalized in Huainanzi, a 
compilation of the works by the eight venerated masters 
of Huainan, in the second century BC:
Qi originated in the primordial void and became dif-
ferentiated; the purer and clearer. Yang Qi, ascended to 
form heaven, and the turbid and grosser Yin Qi descended 
to congeal and form earth. The intercourse of heaven and 
earth gave rise to the four seasons and the myriad things 
and creatures. (Huainanzi 3:1)
Confucius used the term xue Qi (literally, blood Qi) to 
refer to Qi, and injected spiritual and moral aspects into 
the concept of Qi:
The noble man guards himself against three things. 
When he is young his xue Qi has not yet stabilized, so he 
guards himself against sexual passion. When he reaches 
his prime, his xue Qi is not easily subdued, so he guards 
himself against combativeness. When he reaches old age, 
his xue Qi is already depleted, so he guards himself against 
acquisitiveness. (Confucius—Analects 16:7)
The Chinese culture of yangsheng (“nurturing life”) en-
compasses all matters of health wellbeing, and underlying 
it is Qi. Not surprising then the ancient concept of Qi is 
still of practical and functional relevance, like the written 
Chinese characters. Common concerns about health and 
food nutrition are denominated in Qi values. Good health 
and the body’s self-healing ability are characterized by a 
robust Qi coursing through the meridian network inter-
connecting the system of internal organs in harmony. The 
theory of Qi forms the bedrock upon which Traditional 
Chinese Medicine (TCM) rests.
However, despite Qi’s pervasive presence in TCM 
physiology, its existence is still in question in Medical 
Science. Chinese Medicine is dismissed as unscientific, 
despite its rich store of knowledge and materia medica 
accumulated over two millennia from case studies and 
clinical practice. 
TCM did not come to the fore challenging Western 
Medicine, but it nevertheless posed a threat to the health-
care marketplace. The National Center for Complementa-
ry and Integrative Health (NCCIH) reports a government 
survey that about 38% of adults use some form of comple-
mentary or alternative medicine (CAM), of which TCM 
is one, to treat a variety of chronic disease syndromes [1]. 
The impact of alternative medicine had been noted in an-
other earlier survey which found that 80% of family prac-
tice physicians expressed an interest in receiving training 
in “acupuncture, hypnotherapy, and massage therapy.” 
Despite scientific skepticism, public demand has led U.S. 
hospitals to open clinics that offer CAM treatments [2]. 
This led to the formation of The Consortium of Academ-
ic Health Centers for Integrative Medicine, which now 
counts as members the major U.S. medical schools and 
others numbering over a hundred [3].
However, Qi, the central concept in TCM, thus far, 
has escaped scientific definition and measurements. Also 
problematic is the conspicuous absence of the study of 
anatomy in TCM, in lieu of which is an elaborate chart of 
the system of meridians and acupuncture points. The un-
derlying theory of Qi, based on the Principles of Yin and 
Yang and Wuxing (The Five Phases), may not transcribe in 
science, but it does not mean that there is no science there.
While herbal medicines may be prescribed for their 
healing Qi against evil Qi attacking the body, science can 
study the pathogenic agents and investigate the therapeu-
tic compounds in the herbs. Indeed, this occurred in 1969 
when a young 39 year old scientist, also trained in TCM, 
Tu Youyou, was tasked to lead an effort to find a cure for 
a new strain of malaria parasite (Plasmodium falciparum) 
that had become resistant to the existing quinine drugs. 
She combed through the Chinese materia medica treating 
malarial symptoms, and succeeded in extracting the ar-
temisinin compound from the qinghao herbal plant. The 
discovery became a game-changer for the cure of the new 
malaria strain, for which she received the Nobel Prize for 
Medicine in 2015 [4].
The Nobel recognition might have shone a bright light 
on TCM but it seemed to have engendered only a passing 
interest in Medical Science. Lacking in science, the West 
could not apply the Qingfei Paidu decoction (QFPD) or 
the other herbal combinations deployed in China that suc-
cessfully contained the Covid-19 pandemic. With no cure 
on hand, TCM could point to a “dampness toxin” (“Shidu”) 
as the pathogenic agent of the pestilent Qi causing the 
infectious pneumonia disease. Though unscientific, TCM 
could turn immediately to the herbal and physical thera-
pies that invigorate the Spleen Qi to remove dampness. 
It takes time to develop medicine in science, a luxury 
not available in an epidemic outbreak. The medical es-
tablishment would perhaps be less dismissive if it had a 
better comprehension of Qi and TCM. Thus, it is impera-
tive that medical science gains more familiarity of the Qi 
concepts, and that TCM adopts more science in clinical 
practice. Meanwhile, the advent of “network pharmacolo-
gy” as a field of research has proven to be more conducive 
to examining how TCM drugs might work on multiple 
therapeutic targets through multiple pathways [5]. 
Qi may seem esoteric by its singular nature of life-force 
vitality, but it does not have to entail a new force-energy 
outside of known science. Though the life-force vitality 
may draw a parallel to Bergson’s élan vital, our review 
of Qi is grounded in bioenergy in its multiple functional 
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forms, as well as its sensations and perceptions, towards 
unraveling its philosophical underpinnings.
Qi’s key function in the practice of Taijiquan lies in the 
discipline of the art, which relies significantly on the role 
of the fascia. So the review of the science in Taijiquan will 
be presented in a separate forthcoming paper, “Qi, Fascia, 
and Taijiquan.” 
2. Biomarkers of Qi
The pioneering work of Dr. Shin Lin took the basic 
science approach to investigate the effects of Qi nurturing 
practices that produce consistent responses in bioenergy [6]. 
With hi-tech sensitive instruments, Dr. Lin’s research team 
was able to measure changes in bioenergy levels associ-
ated with the traditional practices of Taijiquan (Tai Chi 
Chuan) and Qigong (Qi Energetics). The measurements 
showed a significant increase in peripheral blood flow and 
elevation of bioenergy in the form of heat, light photons, 
and electrical charges which are referred to as biomarkers 
of Qi.
In the lab studies, peripheral blood flow was measured 
by laser Doppler flowmetry, body temperature distribu-
tion by infrared thermography, electrical conductance 
and capacitance at acupuncture points by Motoyama’s 
single square voltage pulse, bioelectrical charges by gas 
discharge visualization, and biophoton emission by sin-
gle-photon counting. 
In addition, the studies also showed that the Qi exercis-
es could induce a dual mental state of focus and relaxation 
(based on electroencephalography and variability analysis 
of instantaneous heart rate and blood pressure), boost 
muscle strength and endurance, and exercise the whole 
body as determined by electromyography. 
The studies also showed that dozens of high-level prac-
titioners of the Qi-energetic arts who were tested, could at 
will, bring about measurable changes in the biomarkers, 
including a decrease in sympathetic and an increase in 
parasympathetic tone in the autonomic nervous system [7]. 
2.1 Blood-Qi
Of the Qi biomarkers, the most readily relatable is that 
of blood perfusion. It is thus not surprising then that blood 
flow is traditionally regarded as a window to Qi. Qi and 
blood are treated inseparably as one, Xue-Qi (Blood-Qi), 
and presented as: 
Qi is the commander of blood;
Blood is the mother of Qi. 
The Lao-Gong acupoint (PC8 at the center of the palm) 
is considered a center of Qi flow. To validate the premise 
of the blood-and-Qi relationship, the research team took 
local blood perfusion and other Qi biomarker measure-
ments at PC8 and compared them with other points on the 
palm. The measurements of blood perfusion, electrical 
conductance, temperature, and biophoton count, were 
highest at the Lao-Gong point, affirming the acupoint as a 
local center of Qi. Also, the high correlation of the bioen-
ergy values validates them as biomarkers of Qi, in addi-
tion to confirming the relationship between the blood-flow 
biomarker and Qi, thus affirming the conflation of Blood-
Qi and Qi [8]. 
“Silk-reeling” motion refers to the body’s rotational 
motions. Silk-reeling exercise is a core training compo-
nent of Taijiquan to instill in the body the synchronization 
principle of the translational and rotational movements. 
(An object has two modes of motions, the overall motion 
of its center of mass and its rotation about an axis.) This 
basic exercise of nurturing Qi is more fully described in 
the author’s book [9]. It should be noted that the slow-mo-
tion methodology induces a mindful attentiveness that 
integrates the elements of body, mind and breath in the 
exercise, necessary for Qi nurturing.
In the experimental study of Qi in silk-reeling, the mea-
surements showed not only the direct correlation between 
the biomarkers of electrical conductance and blood flow, 
but also brought out the external physical factor of gravity 
on blood flow. The gravitational pull due to the hand-level 
in the cyclic down/up circular motion of the arm caused a 
corresponding cycle of increase/decrease in the blood flow 
measured at the Lao-Gong acupoint and similarly, in the 
electrical conductance at the 7 jing-well acupoints (close 
to the tips of the fingers).
This correspondence of the biomarker responses was 
also observed in the down/up motion simulated on a sub-
ject laying flat on an inversion exercise table with the arm 
stretched upwards, passively rocked down/up. This shows 
that gravity is a non-trivial external factor, representing a 
physical component in generating Qi. The TCM therapies 
of acupuncture, cupping, Guasha scraping, moxibustion 
and Tui-na massage all have a physical component in 
them [10]. Subsequent experiments showed that these TCM 
therapies, including topical herbal remedies, also brought 
about increases in blood flow and heat, as well as in some 
other biomarkers. These findings establish the relationship 
between Qi and blood as well as the evidence of Science 
in Qi, and give basis to healing therapies by the interven-
tion of external energy in the form of heat, light, and elec-
tricity [11].
The innovations of enhancing acupuncture therapy 
with heat, electricity, and laser are thus consistent with the 
manipulation Qi by its biomarker representation. In elec-
troacupuncture, a mild electrical current is sent through 
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the acupuncture needle to stimulate the acupoints. In laser 
acupuncture, the acupoints are individually stimulated by 
low-intensity laser irradiation focused at the appropriate 
depth. For a more up-to-date review, the reader is referred 
to Vital Energy, Health, and Medicine, by Shin Lin and 
Gaetan Chevalier [12]. 
3. Qi, Metabolism and ATP
Qi takes on many forms, depending on its functional 
and regulatory roles, location, meridian or organ, such as 
Blood-Qi, Spleen-Qi, Lung-Qi, and so on. While that may 
exemplify its universal applicability, confusion will inev-
itably arise because the functions described in Qi theory 
often do not correspond well in physiology. 
Nevertheless, in reviewing the life-force vitality of Qi 
in its multiple forms, we are led to the life-sustaining ac-
tivities of metabolism. Rather than fight the abstruseness 
of Qi, we take the pragmatic approach to simply look for 
the science in the Qi forms as they relate to the bioenergy 
of metabolism. Where is ATP in the Qi forms?
3.1 Qi Forms in Traditional Theory
Traditional Qi theory posits that at birth one is be-
stowed a store of Original Qi (Yuan Qi 元气 ), which is 
also called Prenatal Qi. The theory holds that Yuan Qi is 
in the form of an innate essence (Jing) or energy, which 
sparks life in the embryo. This hereditary endowment 
comes in a fixed amount. Yuan Qi, stored in the Kidneys, 
cannot be replenished but it can be preserved by the regu-
lation of its consumption. In old age, the supply dwindles, 
the body slows down and weakens, and finally, when de-
pleted, life expires. 
The Qi energy that we consume all the time is produced 
by the body, and is referred to as Postnatal Qi, to differen-
tiate it from the inherited Prenatal Yuan Qi. The supply of 
Qi is replenished by the transformations of the many Qi 
forms from a basic Qi, called True Qi or Zhen Qi (真气 ). 
Thus the body’s energy production is about the production 
of Zhen Qi. 
Three main sources of Qi-essences are involved in the 
production of Zhen Qi: 1) Gu-Qi 谷气 or Food-Qi, the Qi 
of food essence, which comes from the ingestion of food; 
2) Air-Qi, the essence from natural air; 3) Yuan Qi, from 
the store of Prenatal Qi.
Air-Qi essence in the lungs comes from the air we 
breathe. The production of Gu-Qi is a process of trans-
forming ingested food by the action of Spleen Qi to refine 
food essence and then to Gu-Qi. Air-Qi and Gu-Qi com-
bine to transform to Zong-Qi (宗气 ) or Pectoral Qi. Yuan 
Qi enters next in the last step of the production process, 
promoting and transforming the Pectoral Qi to the final 
state of Zhen Qi (True Qi or more appropriately Realized 
Qi) (Figure 3).
Zhen Qi is deployed in the many functional Qi forms 
which fall into two main categories: Nutritive Qi (Ying 
Qi 营气 ) and Defensive Qi (Wei Qi 卫气 ). Nutritive Qi 
supports the growth, development and maintenance of 
the body, including the Qi energy for actuating functions, 
transportation and motion. In the form of Blood-Qi, Nu-
tritive Qi nourishes the whole body. Defensive Qi protects 
and defends the body from pathogenic agents. 
There are other subcategories, such as of Zhong Qi 
(Central Qi) and Zheng Qi (Upright Qi), which refer to Qi 
functions that cross over with those Pectoral Qi and Wei 
Qi. For example, Zheng Qi is described as protective Qi 
but is nuanced by its fortitude of Qi strength in guarding 
against attacks from external pathogens.
Sorting out the myriad Qi forms may prove to be in-
tractable as the functions attributed to, say, the Zang-Fu 
organs often do not relate to their counterparts in anatomy. 
For example, Spleen Qi’s role in transforming ingested 
food to Food-Qi does not correspond to the function of 
the anatomical spleen. Similarly, the functions attributed 
to the Lungs of assisting the Spleen in sending Food-Qi to 
the Heart to form blood, do not correspond in physiology. 
The most intriguing organ is TCM’s designation of a Fu 
organ, called the Sanjiao ( 三焦 ) or Triple Burner. This 
“organ” does not take on a physical form nor does it iden-
tify with any of the internal organs in anatomy, yet it plays 
a very significant role in Qi transformations. All the func-
tional Qi forms, including Zhen Qi, undergo a complex of 
mechanisms involving the Triple Burner [13]. (TCM refers 
to Food-Qi being produced in the Middle Burner with 
Spleen Qi, transformed to Zong Qi with Air-Qi and further 
refined with Yuan Qi to Zhen Qi in the Upper Burner.) 
The redoubtable Sanjiao, whether as a process or organ, 
highlights the complex nature of Qi transformations. For a 
more comprehensive account, the reader is referred to “An 
Approach to the Nature of Qi – Qi and Bioenergy.” [14] As 
we shall see, these Qi processes parallel the complexity of 
biochemical processes of metabolism. 
3.2 Energy in Metabolism
The body needs energy to run but it relates to only cer-
tain sources of energy. The whole range of processes, the 
replenishing and the consuming of energy, is summed up 
as metabolism. 
An automobile gets its energy from gasoline. We cook 
with the heat energy from fire but we do not harness the 
heat from a car crash to cook. An electric car is engineered 
to run on electricity but we cannot bioengineer the body’s 
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metabolic processes to run on heat, electricity or light. At 
the macro level, the body can access energy only in the 
form of food and oxygen. TCM’s answer to the body’s en-
ergy is Blood-Qi, which implicitly includes oxygen (Air-
Qi) and food nutrients (Food-Qi) in the blood circulation. 
The discussion here thus brings science right at Qi’s door-
step. 
The micro activities of physiology are mainly about the 
metabolism of four macromolecules, proteins, fats, car-
bohydrates and nucleic acids, which we consume as food. 
These are broken down into their subunits of amino acids, 
fatty acids, glucose and nucleotides respectively, which 
are processed at the cellular level. The body is constantly 
consuming energy to power the muscle contractile actions 
and to synthesize macromolecules from their subunit 
building blocks, as well as to send nerve signals, move 
ions, regulate hormones, and others.
However, the only form of energy accepted in metabo-
lism at the cellular level is not Air-Qi or Food-Qi, but the 
energy in the chemical bonds of adenosine triphosphate 
(ATP). At the micro level, ATP energy is the only energy 
currency that can be used in physiology.
A lot of ATP is needed and recycled. The ATPs that 
work the muscles are recharged more frequently, in sec-
onds, while others may take minutes. The ATP energy is 
stored in the phosphate bonds, and released by hydrolysis:
ATP + H2O ----> ADP + Pi + Energy
where Pi represents an inorganic phosphate, and ADP, 
adenosine diphosphate (which is phosphorylated to ATP in 
the reverse reaction of recharging). 
The energy for ATP comes from the burning the 
food-fuel in the body, which goes through a series of bio-
chemical reactions. The basic chemistry of combustion is 
the same as that of fire in wood burning but the combus-
tion is highly controlled in the body so that it does not go 
out of control as in a forest fire.
The actual process of the burning of glucose (broken 
down from carbohydrates by digestive enzymes) occurs 
after it enters the cells, in the overall chemical reaction, 
C6H12O6 + 6O2 ----> 6CO2 + 6H2O + Energy
Interestingly, the composition of the Chinese character 
of Qi, conveys the oxidation of glucose (Figure 1).
Figure 1. Oxidation of glucose in the Chinese character of 
Qi
The combustion inside the cell (the process of cellular 
respiration), goes through three major stages to store the 
energy in ATPs: Stage 1. Glycolysis, Stage 2. Krebs Cy-
cle, and Stage 3. Oxidative Phosphorylation. Each stage 
is a series of regulated reactions with enzymes and coen-
zymes, with the last two stages taking place in the highly 
controlled microenvironment of the mitochondria, aptly 
described as the ATP factories of the cells. This overall 
chemical reaction represents the multiple transformations 
of Qi from ingested food through the Triple Burner to the 
final Qi form of Zhen Qi. 
The three-stage combustion process is briefly reviewed 
here to usher cellular respiration into the terrain of the Qi 
transformations. We see the complexity of the biochemical 
processes reflecting that of the Triple Burner. The review 
also brings out the highly controlled process where the 
protons H+ and electrons e- released from the hydrocarbon 
are immediately harnessed by the coenzymes, NADH and 
FADH2, also called electron carriers, to segregate them 
from reacting with oxygen as in an open burning.
This harnessing of protons and electrons begins in 
Stage 1, once glucose is transported into the cell. We see 
here the initial process of Spleen Qi transforming food 
essence to Gu-Qi. In the cytosol, glucose is broken down 
into pyruvates, by ATP energy and a series of enzyme ac-
tions, releasing high-energy protons and electrons, H+ and 
e-, which are secured by NADH:
NAD+ + 2e- + H+ ----> NADH
Before entering the Krebs Cycle, the pyruvates are 
further oxidized by coenzymes, forming acetyl-CoA and 
releasing more high-energy H+ and e-. The formation of 
acetyl-CoA initiates the Krebs Cycle, in which even more 
H+ and e- are harvested in another series of enzyme and 
coenzyme actions. The Krebs Cycle stage takes place 
inside the inner matrix chamber of the mitochondrion pro-
tected by an inner membrane (Figure 2). The Qi footprint 
of the formation of Gu-Qi by the Spleen Q is found here, 
which continues on to the next stage. 
One glucose molecule in glycolysis yields 2 NADH 
and nets 2 ATPs; in the acetyl-CoA formation stage, 2 
FADH2; and in the Krebs cycle, 6 NAHDs and 2 FADH2s, 
as well as 2 ATPs. This represents a clean harvesting of 
all the 12 H+ protons in the glucose molecule, C6H12O6 , 
which are all securely carried in the NADH and FADH2 
for use in Stage 3.
In Stage 3, all the high energy H+ and e- in NADH and 
FADH2 are transported to four protein gate-complexes 
embedded in the cristae fold of the inner membrane. Here 
the protons and electrons, released from the coenzymes, 
are separated, with the protons pumped out through the 
gates, building up a high concentration of protons outside 
the inner membrane, and the electrons ferried along the 
complexes in an electron transport chain to the last com-
plex. With the protons and electrons segregated along two 
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paths, reaction with oxygen is forestalled until the final 
phase of the synthesis of ATPs (Figure 2). At the end of 
Stage 3, the Food-Qi essence is extracted in the Qi dy-
namics of the proton and electron flow with the formation 
of Zong Qi.
The phosphorylation of ATPs takes place at the ATP 
synthase, another complex protein transport structure, also 
embedded in the cristae fold, which incorporates a me-
chanical nano rotary device. The motive force of the pro-
ton concentration gradient drives the protons from outside 
the inner membrane through this transport structure in a 
stream, turning the rotary device, and assembling ADP 
and Pi into ATP, making three ATPs in each complete 
rotation. The phosphorylation phase represents the action 
of Yuan Qi that transforms Zong Qi to the final basic Qi 
form of Zhen Qi.
Figure 2. The mitochondrion ATP factory is well protect-
ed in the inner matrix compartment where the last two 
stages of the combustion reaction take place, with the last 
stage in protein structures embedded in the cristae folds of 
the inner membrane.
In doing the hard work of phosphorylation, the H+ pro-
tons flow back into the inner matrix compartment and fi-
nally get to mix with the electrons exiting the last complex 
via the electron transport chain and react with oxygen, 
producing water and heat. This removal of H+ protons in 
the inner compartment is critical to keep the proton mo-
tive force necessary to drive the nano rotary device in the 
assembly of the ATPs [15]. 
4H+ + 4e- + O2 ---> 2H2O + Heat.
The heat generated in the reaction maintains the body’s 
core temperature.
This is the science in the TCM process of Qi transfor-
mations from ingested food to the final basic Qi form of 
Zhen Qi. Little wonder that the complex processes of Qi 
transformations are relegated to the three chambers of the 
ubiquitous Triple Burner. Zhen Qi represents ATP energy 
in metabolism (See Figure 3), giving us Proposition 1.
Proposition 1: ATP energy is represented by Zhen Qi 
(真气 ), the basic Qi form in transformations.
Figure 3. Zhen Qi, the final state of Qi formation, is ATP 
energy.
The number of mitochondrial factories in each human 
cell varies from hundreds to thousands. In heart muscle 
cells where the demand for ATPs is extremely high, the 
mitochondria take up about 40% of the cell’s cytoplasmic 
space. In the liver, there are 1000 to 2000 mitochondrial 
factories per cell. The mitochondrial factories keep us go-
ing.
3.3 Blood-Qi and Red Blood Cells (Hemoglobin)
In the conflation of blood and Qi as Blood-Qi, Qi as-
sumes the life-force vitality of blood as a carrier of oxy-
gen and nutrients, which are also viewed as forms of Qi. 
The Zhen Qi deployed in the Nutritive Qi category refers 
primarily to the subunits of the macronutrients carried in 
the blood. Here we review the transport of oxygen in the 
vitality of Air-Qi where the science is most transparent.
In the path of Air-Qi (oxygen) to the tissues, air tak-
en into the lungs by respiration ends up in the alveolar 
sacs which are meshed in capillary beds where a first gas 
exchange occurs. As the capillary blood flows through, 
oxygen in higher concentration in the alveolar air crosses 
the membrane to the venous blood, oxygenating it, while 
carbon dioxide in the blood crosses into the sacs to be 
discharged in the out-breath. The oxygenated blood is 
pumped by the heart journeying to the brain, muscles, or-
gans, and all the body tissues. Upon arrival at the capillary 
beds serving the destination tissue, another gas exchange 
takes place, where oxygen from the blood is released and 
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carbon dioxide from the tissue is absorbed by the blood to 
be discharged.
Life’s physiological activities ride on the safe transport 
of oxygen in the blood circulation system. The precious 
cargo of oxygen is carried in the red blood cells (RBCs). 
The oxygen molecules travel in a first-class hemoglobin 
cabin of four heme seatings, where each molecule is in-
dividually buckled down by an iron atom, and is released 
only upon arrival at its destination. There are about 270 
million molecules of hemoglobin in each RBC to handle 
the volume of oxygen to be transported. An adult human 
body has about 20 to 30 trillion RBCs to transport 99% of 
oxygen in the blood circulation. TCM views the Qi-color 
of a healthy skin complexion as the robustness of Air-Qi 
(oxygen) in the blood.
To maintain the population of RBCs that have a lifes-
pan of 100 to 120 days, about 2.4 million new RBCs are 
produced every second in the red marrow of large bones. 
In its lifetime, a mature RBC would have journeyed about 
150,000 cycles in blood circulation, on an average of a 
minute per cycle.
The RBC’s devotion to its task exacts an unparalleled 
cell-sacrifice. As the RBC matures in 7 days, it sheds its 
nucleus, mitochondria and other organelles in order to 
pack in even more hemoglobin. The developed RBC, thus 
stripped, serves as a sack of hemoglobin, totally dedicated 
to the transport of oxygen, toiling 24/7. In its devotion, the 
RBC cell is dealt a fate of being nucleus-less, with neither 
identity nor soul. The RBCs form a class in servitude that 
represent an 80% majority of the cells in an adult human 
body [16].
TCM’s embrace of blood as a denser form of Qi ac-
cords it a nature of duality—the Yin character of the mate-
rial liquid form, complementing the Yang character of the 
non-matter “gaseous” form. However, the transformation 
between the Qi forms is not simple like that of water and 
steam, requiring only heat, but is driven by a complex 
of chemical and electrical bioenergy in addition to heat, 
which is more akin to but more complicated than that of 
energy change in thermodynamics. 
Qi has no theory of RBCs or of any of the other blood 
cells but in the same brush stroke of Qi, without the sci-
ence of hematopoiesis, we find Blood-Qi deployable to 
subsume Wei Qi that represents the immune functions of 
lymphocytes and leucocytes (White Blood Cells), circulat-
ing in the blood that protect the body and fend off patho-
gens. In this regard, the TCM Spleen has a more relatable 
function, as a lymphatic organ storing White Blood Cells. 
Additionally, Blood-Qi as a Qi surrogate, used to as-
sess the Qi state of the body’s health, can be tapped in 
blood perfusion as a valuable medical diagnostic, most 
obviously in impaired tissues. Indeed, blood perfusion 
measurement is used in diagnosis and management of 
medical conditions. For example, “inadequate perfusion 
may underlie much of tissue and organ dysfunction asso-
ciated with chronic conditions of hypertension, obesity, 
and diabetes mellitus.” [17]
4. Yuan Qi and Mitochondria
Of the three main components in the production of 
Zhen Qi, we can relate to Gu-Qi as sourced from food, 
and to Air-Qi as oxygen, but the premise of Yuan Qi is 
mystifying. Yuan Qi is strictly hereditary, bestowed in a 
fixed amount and is of a different essence from Postnatal 
Qi, which is produced by the body. The inherited prenatal 
Yuan Qi cannot be regenerated but can only be conserved 
and its depletion spells the expiration of life. The Daoist 
aspiration of longevity is an alchemy that refines Postnatal 
Qi to its purest essence to serve functionally as Yuan Qi, 
thereby conserving the prenatal Qi.
Although we can see the complex biochemical reac-
tions of cellular respiration in the final phase of Qi trans-
formation (from Zong Qi to Zhen Qi), the premise of Yuan 
Qi defies any attempts to relate it to a bioenergy concept. 
Bioenergy is electrochemical, stored in bonds, and bears 
no traits of inheritance. 
As it turns out, what is inherited is not the Qi energy 
per se, but a genomic blueprint of the mitochondrial ATP 
factory from the mother. This small mitochondrial DNA 
(mtDNA) is a ringed structure of 37 genes and is distinct 
and separate from the cell’s DNA in the nucleus derived 
from the union of parental DNAs. The enzymes involved 
in the oxidative phosphorylation, the subunits of the ATP 
synthase, the NADH dehydrogenase and the cytochrome c 
oxidase in the function of the electron transport chain, are 
made from the encodings of the mtDNA genes.
After fertilization, the mitochondria in the mother’s 
egg cell continue to supply the energy needs while the 
mitochondria of the relatively tiny sperm, which are all in 
its tail, make no contribution, i.e., zero “child support.” It 
is this mtDNA from the egg cell that is passed down from 
mother to offspring in its entirety with no input from the 
sperm. This inheritance of the mtDNA is strictly a ma-
ternal lineage transmission. Genealogical researchers use 
mtDNA to trace our maternal linage back in time, pushing 
the boundary in the quest of an Eve mitochondria. Na-
ture’s trust in the maternal responsibility to pass down the 
genomic blueprint of the mitochondrial ATP factory from 
generation to generation has kept the flame of the human 
race burning from the beginning of time to the present.
As to Prenatal Qi and the Daoist alchemy of longevity, 
the fight against aging cannot succeed if the mitochondri-
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al factories suffer a dysfunction and fail to keep up with 
life’s demand for ATPs. There is a rich compilation of 
herbal and physical therapies in TCM and Daoist alchemy 
that combat aging, which studied in mitochondrial biol-
ogy, “may reveal previously unrecognized mitochondrial 
pathways and new therapeutics to manipulate them.”[18]
5. Yin-Yang Balance
Yin-Yang Balance is at the core of Qi theory and is 
pivotal in the functional harmony of the Zang-Fu organs 
and other entities. Homeostasis is a representation of 
this balance. Quite remarkably, the metaphysics of Yin-
Yang Balance is captured fully with all its dynamics and 
multi-dimensionality in the ubiquitous Taijitu (太极图 ) 
or Taiji Diagram (Figure 4). The Qi harmony of the phys-
iological entities in function is represented in the Taijitu. 
Wellness in TCM is a harmony of the body’s functional 
entities, just as musical harmony is of the orchestral enti-
ties in performance.
In metabolism, we see the Yin-Yang Balance of hydro-
gen protons and oxygen in the inner chambers of the mi-
tochondrion that is forestalling combustion from getting 
out of control into a micro-Hindenburg disaster. The ATP 
in storage, localized at the tissues, maintains a Yin-Yang 
Balance between its incessant and varying consumption 
and its replenishment by production-on-demand on site. 
However, the challenge remains to translate the appli-
cation of the metaphysical Yin-Yang constructs in terms 
of bioenergy in physiological processes. 
5.1 The Dao of Harmony 
Physiological harmony is not just the balance of an 
entity but of a matrix of entities that are interrelated in 
function. The analysis of the multi-dimensional factors is 
complex but to integrate them in harmony in the dynamics 
of their interrelationships would seem nigh impossible as 
resolving imbalance in one would affect that of the others, 
requiring a recalibration of the matrix each time. 
The problem may be cast in mathematical equations 
and solved by computers but the issue is that of relating 
the solutions to the physiological processes in real time. 
The body cannot relate to it. This is what renders the task 
of balancing the functional entities in harmony intracta-
ble. The ancient thinkers resorted to philosophy and the 
adaptability of the soft logic of Yin and Yang to come up 
with a practical solution in the art of Qi nurturing. The art 
develops the cognition of the functional effects of balanc-
ing as Qi is nurtured. The Qi thus nurtured holds the key 
to harmony.
Now while we may appreciate harmony, disharmony is 
what we cognize more readily. The states of disharmony 
are prevalent while harmony is a highly ordered state. The 
art is to cognize disharmony, discern the imbalance of the 
Qi of the matrix of entities, and then to resolve it towards 
harmony. Resolving imbalance involves a combination of 
Yin and Yang. Too Yin may be resolved by reducing Yin 
and/or increasing Yang, while too Yang, by reducing Yang 
and/or increasing Yin. However, in the art of Qi nurturing, 
imbalance is cognized as Qi being in excess or in deficien-
cy, and is resolved by restraining what is in excess and 
invigorating what is in deficiency, thereby reducing the 
errors. 
5.2 Perceptive Differentiation
To cognize Qi as being in excess or in deficiency re-
quires the sensation to be able to differentiate between the 
error of being over or under. And the discipline to restrain 
excessive Qi or to invigorate deficient Qi requires the sen-
sation to be able to differentiate between the degrees of 
error as well, so that the margin of errors can be reduced 
towards balance. The art of Qi nurturing develops both 
the perceptive differentiation in the sensation. The Qi 
nurtured thus comes equipped to resolve the Qi imbalance 
of the matrix and to keep reducing the margin of errors 
towards harmony. 
The body cannot relate to the hard solution by analy-
sis and computation of the multi-dimensional factors of 
individual entities. So, pithily, the principle of perceptive 
differentiation in Qi offers a way to Yin-Yang balancing 
towards harmony that the body can relate to. The Way 
“seeks harmony by not seeking it,” but to practice the art 
of Qi nurturing—the Way of weiwuwei (为无为 ) in the 
Dao of Harmony. The development of the art of Qi nurtur-
ing is inspired by the Dao of Harmony.
5.3 The Operative Principle of Qi in Balance
Qigong and Taijiquan practices are drawn from the 
ancient Qi-nurturing arts of daoyin tuna 导引吐纳 (“guid-
ing-pulling and breathing”) that enhance yangsheng ( 养
生 ) or health wellbeing by integrating body, mind and 
breath in the training. The art of Qi nurturing is grounded 
in the functional effects of yangsheng. Thus, inherent in 
the nature of Qi nurturing is its operational effect of Yin-
Yang balancing that regulates the functions of the physio-
logical entities.
The functional entities are interconnected by a network 
of meridians (Jing-luo) through which Qi courses. The 
operating principle of Yin-Yang balancing regulates the 
Qi dynamics, which restrains Qi that is excessive and in-
vigorates Qi that is deficient. In other words, Qi nurturing 
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operationally serves as a homeostatic control in physiolo-
gy that enhances Qi harmony, thus Wellness.
Qi nurturing is not just about the bioenergy per se, but 
is coupled with its invigorating or restraining function 
towards balance. That is, the operative principle of Yin-
Yang balancing is built into the daoyin tuna practice of 
nurturing Qi. This leads to:
Proposition 2: Qi nurturing embodies the operative 
principle of Yin-Yang balancing towards harmony.
The Proposition implies that Qi nurturing operationally 
enhances yangsheng health wellbeing.
The operative principle of balancing in Qigong and Qi 
therapies can thus be applied to resolve Qi disharmony 
that represents an illness. Therefore, the proposition also 
forms the rationale of Chinese Medicine’s therapy of “in-
gesting Qi to cure illness” (服气疗病 fuqi liaobing). 
A TCM physician is trained to have a cognitive percep-
tion of Qi and to decipher the “patterns of disharmony of 
Qi” in clinical diagnosis. And Qigong practice cultivates 
the cognitive perception of a matrix of bioenergy trans-
duced as signals of Qi sensation.
5.4 The Cognitive Perception of Qi
Qi experience is often described by Qigong or Taiji-
quan practitioners as a warm and tingling sensation as 
well as a sudden surge of heat. These Qi sensations can be 
attributed to an increase in blood perfusion and a higher 
level of muscle activations, which extend the senses of 
vision, sound, touch, smell, and taste by external stimuli. 
The bioenergy dynamics of the body’s functional entities 
can engender an internally driven Qi sensation. Dysfunc-
tion in one or more entities causes imbalance resulting in a 
physiological disharmony, which can give rise to a sensa-
tion of disorder or of being unwell. The psychophysics of 
TCM is the perception of the sensation of being unwell as 
Qi disharmony of the functional entities. This establishes a 
qualitative relationship between Qi as a sensation of Well-
ness and the stimulus bioenergy of the functional entities. 
In short, Qi represents the cognitive perception of a basket 
of sensations of Yin-Yang imbalances. 
The cognitive perception of Qi cultivated by Qi nurtur-
ing in the practice of Qigong or Taijiquan incorporates the 
operative principle of balancing which can be harnessed to 
discipline and manipulate Qi. The ingenuity of the art of 
Qi nurturing is that the practice carves out a solution-path 
of invigorating Qi that is deficient and restraining Qi that 
is excessive that reduces via feedback the error margins of 
imbalance towards harmony. This is art working in science.
Additionally, the cognitive perception offers an insight 
of Qi as embodied in the Three Phases of Essence, Ener-
gy, and Spirit (Jing Qi Shen 精气神 ). Essence (Jing精 ) 
represents the distilled essence of Qi material. Thus Jing 
and Qi are viewed as the material basis of the body part, 
and Spirit (Shen神 ), the spirit of life, the mind part. More 
specifically, the cognitive perception of Qi represents the 
Spirit Phase of Qi. 
Proposition 3: The cognitive perception of Qi rep-
resents the Spirit (Shen 精 ) of Qi in the Three Phases of 
Jing Qi Shen (精气神 ). 
The practice of Qi nurturing has two components, the 
body part of exercise and breath, and the spirit part of 
meditation. The meditative or mind part is induced by 
the attentiveness and awareness of the practice. Both the 
body and meditative disciplines reinforce each other in 
the process of cultivating the cognitive perception of Qi, 
the achievement of which leads to the mastery of the art 
and the realization of the full flavor of the Jing Qi Shen of 
Qi. This is the prize of the yangsheng culture of nurturing 
longevity (changshou 长寿 ). It also provides a base for 
other spiritual experiences.
One does not have to achieve mastery to gain the yang-
sheng health benefits of Qi-nurturing practices. Qi may be 
evasive scientifically, but the body picks it up and relates 
to it readily. Beginning practitioners commonly experi-
ence Qi as a tingling or warm sensation in the hands in the 
first few days of practice. Initially, the sensation is inter-
mittent, appearing and disappearing but over time gains 
clarity. Along with the developing perception of Qi, the 
body enjoys the clear benefits of health wellbeing which 
accrue and keep the practice going.
5.5 Some Other Qi Phenomena
The hard Qigong practice of Chinese kungfu relies on 
Qi training to strengthen the body’s constitution, building 
an “iron-shirt” for protection and to withstand hard strikes 
without injury. For example, by hitting sandbags, the 
Qi nurtured can strengthen the hand’s bone in breaking 
bricks. Qi can strengthen shin bones to break a baseball 
bat and can thicken skull bones. The science of bone 
strengthening in hard Qigong is explained in Wolf’s Law: 
Healthy bones adapt to become stronger if subjected to 
increasing loads placed on them. The load-force in hard 
Qigong practice stresses the bones, generating piezoelec-
tricity, which transduces to electrochemical signals to the 
cells, stimulating bone growth. The Yin-Yang balance of 
Qi between load and growth is still maintained but at a 
higher level, the goalpost of Yin-Yang balance moved, so 
to speak. 
The Qi-biomarker energies are also found in yoga and 
meditation practices. Most notably, the Tibetan monks’ 
practice of g-Tummo (Inner Energy) meditation can gen-
erate body heat to dry wet sheets draped on them, exposed 
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in the Himalayan snowy winter clime. The monks in a 
deep meditative state can raise the temperatures of their 
fingers and toes by as much as 17 degrees Fahrenheit [19]. 
The g-Tummo has a somatic component that incorporates 
“vase breathing,” which is akin to abdominal breathing 
common in yoga and Qi-energetics but more demand-
ing. A scientific study of the g-Tummo wet-sheet drying 
phenomenon is able to pinpoint the “forceful” breathing 
component as a crucial physical factor in generating body 
heat. Note that the g-Tummo meditation does not produce 
a sauna bath with the wet sheets, as the heat comes from 
the body. The body’s core temperature remains in the nor-
mal homeostatic range [20].
6. The Qi Crossroads of East and West
Western Medicine is pathogen-centric; it traces diseas-
es to specific pathogens and finds medicine to treat them. 
However, the causes of illnesses cannot always be iden-
tified as in the chronic ailments of syndromes, and even 
if known, the cause-and-effect mechanisms are often not 
deterministic. The same initial conditions do not always 
produce the same final states of outcome as in the physical 
sciences with mathematical equations. We may trace the 
pathway from state A to state B, but the micro states of 
physiology are irreversible, as in thermodynamics. Can-
cerous cells can remain benign or become malignant and 
metastasize. Covid-19 infections can be asymptomatic or 
can develop into mild or severe cases.
TCM’s theory of health wellbeing is based on Qi the-
ory and the Taiji Philosophy of Yin-Yang Balance [21]. 
TCM views disharmony within the functional entities and 
a weak Qi flow as ill health, and harmony and a robust Qi 
flow as good health. 
If a functional entity were impaired, it could disrupt Qi 
flow and affect the body’s physiological function. The im-
pairment can be due to: 1) pathogens or injuries; 2) irreg-
ularities of bioenergy dynamics, without specific patho-
genic agents or injuries. Regardless, the body’s impaired 
physiological functions that impact Wellness are cognized 
as disharmony of Qi flow. 
Without the science of pathogenesis, etiology, and 
pharmacology, Chinese Medicine relies on the diagnosis 
of “patterns of disharmony” and the operative principle 
of Qi therapy to resolve the impairments of physiological 
entities, whether or not caused by pathogens. TCM’s ther-
apeutic strategy relies primarily on regulating Qi towards 
balance and harmony along a combination of pathways 
and less so on pathogens (Figure 4). Advantageously, 
the non-pathogen-specific and soft approach covers syn-
dromes caused by stress and emotion as well, such as of 
vexation, anger, anxiety, fright, and grief.
Figure 4. Pathways to Yin-Yang Balance
Also, since regulating Qi dynamics to restore harmony 
involves all the related organs, TCM’s drug therapies are 
necessarily multi-herbal formulas, taking multiple path-
ways, and directed at multiple targets. The new science of 
network pharmacology is more conducive to TCM’s Qi 
therapies that target the network nature of biological pro-
cesses [22].
Western Medicine may gain some insight by applying 
the operative principle of Qi to regulate the bioenergy 
dynamics. This may lead to the discovery of new indices 
of Qi Wellness in the bioenergy of homeostasis and the 
incorporation of Qi in Medical Science. 
Chinese Medicine can develop the Qi cognition of the 
bioenergy dynamics of disease diagnostics and therapeu-
tics of Western Medicine. TCM can incorporate the test 
data of glucose level, blood counts, and the profiles of 
metabolic, lipid or other health panels to complement its 
Qi-diagnostics. 
If a TCM physician can be trained to develop the cog-
nitive perception of Qi to decipher and manipulate Qi dy-
namics, Artificial Intelligence (AI) cannot be far behind. 
This brings to the forefront the inevitable role of AI in 
Chinese Medicine, which is being pursued [23].
7. Qi in the Sun-Earth System 
Here we review briefly a scientific aspect of the cosmic 
nature of Qi in the framework of the Sun and Earth. The 
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key source of energy of the Sun-Earth system is the nucle-
ar fusion energy of hydrogen isotopes taking place at the 
core of the sun, generating solar energy that the earth re-
ceives as radiant energy in the form of sunlight and heat.
The food/carbohydrates we ingest are produced in 
plants by the process of photosynthesis that uses sunlight 
energy and carbon dioxide in the atmosphere, with oxy-
gen as a by-product. The ATP energy we use to run bio-
logical life comes from the burning of the food-fuel with 
oxygen, also from the atmosphere, with carbon dioxide 
as a by-product. Thus we have the cycling and recycling 
of oxygen and carbon dioxide in the Earth’s atmosphere 
and a production pathway transforming sunlight energy 
to ATP in our body. The Earth is also stores other forms 
of energy, notably, oil, coal, natural gas, and other fossil 
fuels. These are used directly or converted to electricity to 
run the economic and production engines of modern civi-
lization, including food production. 
Using the Qi paradigm, we can describe the solar en-
ergy and the nuclear fusion energy in the Sun as Sun-Qi, 
and all the converted forms of energy that sustain life on 
Earth, as Earth-Qi. This provides a Qi-representation, in 
modern terminology, of the philosophical model of Heav-
en-Man-Earth. The key source of Earth-Qi is the Sun-Qi. 
When the nuclear fuels in the sun run low, Sun-Qi de-
pletes. Life on Earth ends when Sun-Qi runs out. 
8. Conclusions
Qi was born as an energy concept under the auspices of 
the Grand Taiji Theory of Yin-Yang, of an earlier and non-
scientific era, but not of an alternate universe. The chal-
lenge has been to explicate Qi without being entangled in 
the esoterica of its ancient trappings. The measurements 
of energy emissions from the body associated with Qi 
nurturing in the form of heat, light photons, and electrical 
charges, provide a concrete link of Qi to science. The life-
force nature of Qi, a concept of the vitality of energy in 
life, which seems more philosophical than scientific, finds 
a basis in ATP energy, as the only energy currency nego-
tiable in the life activities of physiology at the cellular 
level. The discussion of these and other phenomena of Qi 
serves to give science more familiarity of the old con-
cepts.
What is to be reiterated is the Principle of Yin-Yang 
Balance at the heart of the concept of Qi. The percep-
tion of Qi embodies the operative principle of Yin-Yang 
balancing. So the very practice of the art of Qi nurturing 
forges a solution-path that leads to the harmony of the 
body’s functional entities, thus Wellness. In short, Qi nur-
turing serves to regulate the dynamics of bioenergy in ho-
meostasis. This Yin-Yang art of Qi is inspired by the Dao 
of weiwuwei—Qi in the service of science.
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